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(54) Impact modified polycarbonate and/or polyester compositions with high weather resistance 



(57) A thermoplastic resin composition includes a 
thermoplastic resin, a polyolefin rubber graft copolymer 
and a core-shell copolymer, wherein the thermoplastic 
resin includes a polyester resin, a polycarbonate resin, 
or a mixture of a polyester resin and a polycarbonate 



resin. The thermoplastic resin composition exhibits high 
impact resistance and provides improved wealherabili- 
ty, particularly with regard to color stability and retention 
of impact properties during prolonged exposure to ultra- 
violet radiation. 
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Description 

Fi Id of the Invention 

5 The present invention relates to impact modified thermoplastic resin compositions, and more particularly relates 

to impact modified compositions containing a polycarbonate resin, a polyester resin or a blend of polyester resin and 
polycarbonate resin. 

Background of the Invention 

10 

Thermoplastic resin compositions of polyester resins, polycarbonate resins and blends of polyester resin and poly- 
carbonate resin that include an impact modifier, e.g., an acrylic core-shell copolymer, see. e.g.. U.S. Patent No. 
4,264,487, or an acrylonitrile/ethylene-propylene-non-conjugated diene monomer/styrene graft copolymer, see, e.g.. 
U.S. Patent No. 4,780,506. are known. While such impact modified resin compositions exhibit improved impact resist- 
'5 ance, the utility of such compositions in outdoor applications is often limited by the resistance of the resin composition 
to weathering, i.e., the impact modified resin compositions exhibit a loss of properties such as, e.g., a deterioration in 
impact resistance, and an undesirable change in color, i.e., yellowing, upon prolonged exposure to ultraviolet radiation 
and temperature cycling in the presence of moisture. 

20 Summary of the Invention 

The thermoplastic resin composition of the present invention comprises: 

(a) a therrTK>plastic resin, said resin comprising: 

25 

(i) a polyester resin, 

(ii) a polycarbonate resin, or 

(iii) a mixture of a polyester resin and a polycarbonate resin; 

(b) at least 1 weight percent, based on the total weight of the thermoplastic resin composition, of a polyolefin rubber 
graft copolymer comprising a polyolefin rubber substrate comprising an ethylene/propylene copolymer or an eth- 
ylene/propylene/nonconjugated diene monomer terpolymer and a graft polymer grafted onto the polyolefin rubber 
substrate, said graft polymer comprising repeating units derived from a monoethylenically unsaturated monomer: 
and 

(c) at least 1 weight percent, based on the total weight of the thermoplastic resin composition, of a core-shell 
copolymer comprising a core portion having repeating units derived from a monoethylenically unsaturated acrvlate 
monomer or from butadiene and having a glass transition temperature below about 10°C and a shell portion having 
repeating units derived from a monoethylenically unsaturated monomer and having a glass transition temperature 
of greater than or equal to 10*C. 

The composition of the present Invention exhibits high impact resistance and provides a surprising improvement 
in weatherabiiity, particularly with regard to color stability and retention of impact properties. 

Detail d Description of the Invention 

Polyester Resin 

Polyester resins suitable for use in the present invention, methods for making polyester resins and the use of 
polyester resins in thermoplastic molding compositions are well known in the art, see, generally, U.S. Patent Nos. 
so 2,465,319. 

Suitable polyester resins include linear polyester resins, branched polyester resins, copolymeric polyester resins 
and mixtures or blends thereof. Suitable linear polyester resins include, e.g., poly(alkylene phthalate)s such as. e.g.. 
poly(ethylene terephthalate) ("PET"), poly(butylene terephthalate), ("PBT"), poly(cycloalkylene phlhalate)s such as, e. 
g., poly(cyclohexanedimethanol terephthalate) ("PCT"), poly(alkylene naphthalate)s such as, e.g.. poly(butylene- 
55 2,6-naphthalate) CPBN") and poly(ethylene-2,6-naphthalate) ("PEN"), poly(alkylene dicarboxylates) such as, e.g., poly 
(cyclohexane dicarboxylate) Suitable copolymeric polyester resins include, e.g.. poly este ram ide copolymers, cyclohex- 
anedimethanol'terephthalic acid-isophthalic acid copolymers and cyclohexanedimethanol-terephthalic acid-ethytene 
glycol ("PETG") copolymers. 
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In a preferred embodiment of the present invention, the polyester resin is selected from PBT. PET and PCT resins 
and mixtures thereof. 

In a more highly preferred embodiment of the present invention, the polyester resin is PBT or PET resin or a mixture 
thereof. 

In a preferred embodiment, the polyester resin has a number average molecular weight of from 10.000 to 100,000. 
as determined by gel permeation chromatography using a polystyrene standard. 

Suitable polyester resins are commercially available, e.g.. VALOX''^ 315 polybutylene terephthalate resin from 
General Electric Company. CRYSTAR""^ PET resins from DuPont. 

Aromatic Polycarbonate Resin 

Aromatic polycarbonate resins suitable for use in the present invention are well known in the art. methods of making 
aromatic polycarbonate resins and the use of aromatic polycarbonate resins in thermoplastrc molding compounds, 
see, generally, U.S Patent Nos. 4.034,016. 4.098,750 and 3.169,121. 

Aromatic polycarbonate resins are generally prepared by reacting a dihydric phenol, e.g.. 2. 2-bis-(4-hydroxyphe- 
nyl) propane ("bisphenol A"), 2.2-bis(3.5<limethyl-4-hydroxyphenyl)propane. bis(2-hydroxyphenyl) methane, 2, 6-di- 
hydroxy naphthalene, hydroquinone. 2.4'-dihydroxyphenyl sulfone and 4. 4'-dihydroxy-3, 3-dichlorophenyl ether, with 
a carbonate precursor, e.g.. carbonyl bromide and carbonyl chloride, a halogen formate, e.g.,_bishaIoformates of di- 
hydric phenols such as hydroquinone and bishalofornnates of glycols such as neopentyl glycol and ethylene glycol, or 
a carbonate ester, e.g.. diphenyl carbonate, dichlorophenyl carbonate, dinaphthyl carbonate, phenyl tolyl carbonate 
and ditolyl carbonate. 

Suitable aromatic polycarbonate resins include linear aromatic polycarbonate resins, branched aromatic polycar- 
bonate resins, and poly(ester-carbonate) resins. 

Suitable linear aromatic polycarbonates resins include, e.g., bisphenol A polycarbonate resin. 

Suitable branched aromatic polycarbonates are made, e.g.. by reacting a polyfunctional aromatic compound . e. 
g., trimellitic anhydride, trimellitic acid, trimesic acid, trimellityl trichloride, with a dihydric phenol and a carbonate pre- 
cursor to form a randomly branching polymer. 

Suitable poly(ester-carbonate) copolymers are made, e.g., by reacting a difunctional carboxylic acid, phthalic acid, 
terephthalic acid. 1 , 4-naphthalic acid, glycolic acid, lactic acid, camphoric acid. 1 2 -hydroxy st eric acid, with a dihydric 
phenol and a carbonate precursor. 

In a preferred embodiment, the aromatic polycarbonate is bisphenol A polycarbonate resin. 

In a preferred embodiment, the weight average molecular weight .as determined by gel permeation chromatogra- 
phy relative to a polystyrene standard, of the polycarbonate resin is from 20.000 to 350,000, more preferably from 
40.000 to 80,000. 

Suitable aromatic polycarbonate resins are commercially available, e.g., LEXAN'Tm iqi and LEXAN*"^ 121 bisphe- 
nol A polycarbonate resins from General Electric Company. o 

In a preferred embodiment, the composition of the present invention comprises from 70 to 98 weight percent 
("wt%"). more preferably from 75 to 95 wt% and most preferably from 85 to 90 wt%, of the thermoplastic resin. 

In a preferred embodiment, the mixture of polyester resin and an aromatic polycarbonate resin comprises from 1 5 
to 80 wt% . more preferably from 40 to 60 wt% and most preferably from 45 to 55 wt% of the aromatic polycarbonate 
resin and from 20 to 85 wt%. more preferably from 40 to 60 wt% and most preferably from 45 to 55 wt% of the polyester 
resin, wherein the weight percentages are based on the combined amount of the aromatic polycarbonate resin and 
the polyester resin. Alternatively, when expressed on the basis of the total weight of the composition of the present 
invention, it is preferred that the composition comprises from 15 to 80 wt%. nrK>re preferably from 35 to 65 wt7o. and 
most preferably from 45 to 55 wt% of the aromatic polycarbonate resin; and from 20 to 85 wt7o, more preferably from 
35 to 65 wt%. and most preferably from 45 to 55 wt% of the polyester resin. 

In a highly preferred embodiment, the thermoplastic resin is a mixture of bisphenol A polycarbonate resin and poly 
(bulylene terephthalate) resin or poly(ethylene terephthalate) resin. 

Poiyolefin Rubber Graft Copolymer 

Suitable poiyolefin rubber graft copolymers, methods of making such graft copolymers and the use of such graft 
copolymers in combination with polycarbonate resins and polyester resins are known in the art, see, e.g.. U.S. Patent 
Nos. 4.550.138. 4,485.212. and 4.493,921. 

In a preferred embodiment, the poiyolefin rubber graft copolymer comprises from about 30 wt% to about 80 wt% 
poiyolefin rubber substrate and from about 20 wt% to about 70 wt% polymer graft 

The rubbery substrate portion of the poiyolefin rubber graft copolymer comprises an ethylene/propylene rubber 
(EPR) copolymer or an ethylene/propyl ne/nonconjugated diene monomer-type (EPDM) terpolymer wherein the non- 
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conjugated diene monomer is selected from, e.g.. ethylidene norbornene, dtcyclopentadiene, hexadiene or phenyl 
norbornene. 

In a preferred embodiment, the polyolefrn rubber substrate is derived from an ethylen /propylene/nonconjugated 
diene monomer terpolymer wherein the nonconjugated diene is ethylidene norbornene. 
5 Suitable monoethylenically unsaturated monomers from which to derive the graft polymer portion of the polyolefin 

rubber graft copolymer include, e.g., acrylic acid, methacrylic acid. (Ci-Ci2)3'kyl (mGth)acrylate monomers. {CJ^-C•^2) 
cycloalkyi (meth)acrylate monomers, (meth)acrylamide monomers, vinyl aromatic monomers, vinyl esters such as. e. 
g.. vinyl acetate and vinyl propionate, and alkenoic nitriles such as, e.g., acrybnitrile and methacrylonitnle. Mixtures 
of the foregoing monomers are also suitable. As used herein, the term "(Ci-C,2)3"^y'" means a straight or branched 
10 alkyi substituent group having from 1 to 1 2 carbon atoms per group, the term "(C4-Ci2)cycloalkyr means a cyclic alkyi 
substituent group having from 4 to 1 2 cartoon atoms per group, the term "(meth)acrylate" refers collectively to acrylates 
and methacrylates. the term "(meth)acrylamide" refers collectively to acrylamides and methacry lam ides, the temiinol- 
ogy "monoethylenically unsaturated" means having a single site of ethylenic unsaturation per molecule and "polyeth- 
lenically unsaturated" means having two or more sites of ethylenic unsaturation per molecule. 
'5 Suitable vinyl aromatic monomers include, e.g., styrene and substituted styrenes, e.g., alpha-methyl styrene, vinyl 

toluene, vinyl xylene, trimethyl styrene. chlorostyrene. dichlorostyrene bromostyrene. and mixtures thereof. 

In a preferred embodiment, the graft polymer portion of the polyolefin rubber graft copolymer Is derived from a 
mixture of an alkenoic nitrile, most preferably acrylonitrile, and a vinyl aromatic monomer, most preferably styrene. 
In a highly a preferred embodiment, the polyolefin rubber graft copolymer of the composition of the invention is 
20 comprises an ethylene/propyl en e/nonconju gated diene monomer terpolymer substrate wherein the nonconjugated 
diene is ethylidene norbornene and having a graft copolymer comprising repeating units derived from acrylonitrile and 
styrene grafted onto the substrate. 

Suitable polyolefin rubber graft copolymers are commercially available, e.g.. ROYALTUF™ P372 acrylonitrile/ 
EPDM/styrene graft copolymer from Uniroyal Chemical Co.. for use as impact modifiers in thermoplastic resin com- 
25 positions. 

In a preferred embodiment, the composition of the present invention comprises from 1 to 25 wt%, more preferably 
from 2 to 15 wt% and most preferably from 5 to 10 wt% polyolefin rubber graft copolymer, based on the total weight 
of the composition. 

30 Core-Shell Copolymer 

Core-shell copolymers, methods of making core-shell copolymers and the use of core-shell copolymers as impact 
modifiers in combination with polycarbonate resins and polyester resins are known in the art. see, e.g., U.S. Patent 
Nos. 3,864.428. 4.180,434, 4.257,937 and 4.264.487. 
3S Suitable core-shell copolymers are those that include a rubbery "core" having a glass transition temperature ("Tg") 

below about 1 CC and having repeating units derived from a monoethylenically unsaturated acrylate monomer or from 
poly(butadiene) and a rigid "shell" having a Tg of greater than or equal to about 10** C and having repeating units 
derived from a monoethylenically unsaturated monomer. 

As used herein, the TgOt a copolymer is the Tg value of copolymer as measured by differential scanning calorimetry 
40 (heating rate 20°C/minute. Tg value determined at inflection point). 

In a preferred embodiment, the core-shell copolymer comprises from about 10 wt% to about 90 wt% core and from 
about 10 wt% to about 90 wt% shell. 

Suitable acrylate monomers having a homopolymer Tg of less than 1 0**C include, e.g., ethyl acrylate, butyl acrylate. 
— n-hexyl acrylate. 

45 Suitable monoethylenically unsaturated monomers having a homopolymer Tg of greater than or equal to 10°C 

include, e.g., methyl methacrylate, ethyl methacrylate, propyl methacrylate, isopropyl methacrylate and butyl methacr- 
ylate. styrene, acrylonitrile, and preferably methyl methacrylate, ethyl methacrylate, butyl methacrylate, or a mixture 
thereof. 

The shell portion may independently include a minor amount of repeating units derived from a polyethylenically 
50 unsaturated "crosslinking" monomer, e.g.. butylene diacrylate or divinyl benzene, and a minor amount of repeating 
units derived from a polyethylenically unsaturated "graftlinking" monomer wherein the sites of ethylenic unsaturation 
have substantially different reactivities, e.g., allyl methacrylate or dialiyi maleate. 

The core and the shell portions may each independently further include repeating units derived from other mo- 
noethylenically unsaturated monomers such as vinyl aromatic monomers, e.g.. styrene, alpha-m thyl styrene, vinyl 
55 toluene, vinyl xylene, trimethyl styrene, chlorostyrene, dichlorostyrene bromostyrene and mixtures thereof, provided 
the respective limitations on Tg are satisfied. In a preferred embodiment, the core of the acrylic core-sh II copolymer 
comprises repeating units derived from butyl acrylate and the shell of the acrylic core-shell copolymer comprises re- 
peating units derived from methyl methacrylate and styrene. 
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70 



75 



20 



2S 



30 



Suitable core-shell copolymers are commercially available, e.g., PARALOID"'^ EXL 3361 copolymer and PAR- 
ALOin^ EXL 3691 copolymer, each from Rohm and Haas Company, Philadelphia, PA for use as impact modifiers in 
thormoplaslK: rcsin compositions. 

In a prclcffcd embodiment, the composition of the present invention comprises from 1 to 25 wt%, more preferably 
from 2 to 1 5 wt^'o and most preferably from 5 to 10 wt%. of the core-shell copolymer, based on the total weight of the 
compos tf on 

In H pf ctcrrcd embodiment, the composition of the present invention comprises from 2 to 30 wt%. more preferably 
from 5 ID 2S wr . ard most preferably from 10 to 15 wt%, of the combined amount of the core-shell copolymer and 
polyolci n f jbDcr Qfrift copolymer, based on the total weight of the composition. 

In a prdccrcd embodiment, the polyolefin rubber graft copolymer is present at a level of from 10 to 90 wt%. more 
prefcrabry tr o^r^ to 75 wt^^o and most preferably from 40 to 60 wt% of the combined amount of the core-shell copolymer 
and inc oc'i, %« '>«r luobcr grail copolymer and the core-shell copolymer is present at a level of from 10 to 90 wt%, more 
preferab»> tr:#-^ . \z* 75 w!*'o and most preferably from 40 to 60 wt% of the combined amount of the core-shell copol- 
ymer and i^'- C" * »«"t»n rubber graft copolymer. 

: . o» if^? p'cscni invention may optionally include other additives known in the art, such as. e.g., 
f..»jrnt^ii c>yo*» coiorants. flame retardants. antistatic agents, ultraviolet stabilizers and thermal sta- 



The Qci^ - - 
reinforcinq • •■ 
billzers 

Them.i!»^'».» 

extrusion rD<.t?« - 
in articles irwi: 



'>-'^ iDoo tric mvcntion can be molded into useful articles by a variety of means such as Injection, 
.*»o tic^ 'Tv^o^nq The composition of the present invention is particularly well suited for application 
fvp«»./«ft/ s.jt;i.vi jd to prolonged outdoor exposure and use, such as, e.g., lawn furniture, power 
tools. recit>tt«-*w- vrf*«.to k^x^xj^ enclosures, automotive components and outdoor maintenance equipment com- 
ponents, c g f tc-x** tcoo».'f^ and mower decks. 

Examples 

The compo«,c ci £ «.«mc» ><- i 5 and Comparative Examples CI -CI 0 were each prepared by mixing the respec- 
tive components lonri bo»oi% m 'ABLE 1 in a polyethylene bag, shaking in a paint shaker for 5 minutes to mix the 
components CKtfL»r.j#^q mc re»un,in- mixture on a 30 millimeter WP twin screw extruder at a screw rotation of 300 rpm 
and a barrel tr^n^-^ m ^t^t .tnd then pelletizing the resultant extrudate. The pellets so formed were then injection 
molded at 52C^P t.-^m tost v^'i^ons. 

In addition ic ino comporcn:s sol forth in TABLE I.each of the compositions of Example 1 and Comparative Ex- 
amples C2 and C3 nisc ccni/nncd _ . „ . _ 



35 



0.2 wt% moro/rx: :>hosphrtlc 

0.2 wt% IRGANOX^w ,010 phenolic antioxidant (Ciba-Geigy),and 
0.6 wt% TINUVIN^" 234 light stabilizer (Ciba-Geigy); 



and each of the conrpositKXis of Examples 2-5 and Comparative Examples C3-C10 also contained: 



40 



45 



0.15 wt% IRGANOX"^ lOlC phenolic antioxidant 

(Ciba-Geigy) or ANOX^w 20 phenolic antioxidant, 

0.15 wt% IRGAFOS'" 166 phosphite antioxidant (Ciba-Geigy) or 

ALKANOX™ phosphite antioxidant, and 

0.6 wt% UV 5411 UV bghl stabilizer (Cytech). 



TABLE 1 



SO 



55 



EX# 


PCI 


PC2 


PBT 


PET 


GC1 


GC2 


GC3 


1 


30 




54 




7.5 




7.5 


CI 


30 




54 




15 






C2 


30 




54 








15 


2 




43.9 


40 






7.5 


7.5 


C3 




43.9 


40 






15 




C4 




43 9 


40 








15 


3 




c9 1 






5 




5 



5 
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TABLE 1 (continued) 



EX# 


PCI 


PC2 


PBT 


PET 


GC1 


GC2 


GC3 


C5 




89.1 






10 


- 




C6 




89.1 










10 


4 






89.1 




5 




5 


C7 






89.1 




10 






C8 






89.1 








10 


5 




58.9 




30 


5 




5 


C9 




58,9 




30 


10 






C10 




58.9 




30 






10 


"PCI" is LEXAN'^'^ 101 bisphenol A polycarbonate (General Electric Company). 






*'PC2" is LEXAN"'^ 121 polycarbonate (General Electric Company). 






"PBT" is VALOX"'^ 315 polybutylene terephthalate resin (General Electric Company). 




"PET" is CRYSTAR''''^ 3948 poly(ethylene terephthalate) (DuPont). 






"GC1" is 


PARALOID™ EX3361 methyl methacry late/butyl acrylate/styrene graft copolymer (Rohrn and Haas 


Company). 
















"GC2" is PARALOID™ EX3691 methyl methacrylatc/butadiene/styrene graft copolymer (Rohm and Haas Com- 


pany). 
















•GC3" is ROYALTUF™ 372 acrylonitrile/EPDM/styrenc graft copolymer (UniRoyal Chemical Co.). 
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The color retention, izod impact performance and dart impact performance of the test specimens was determined 
both before and after accelerated weathering. 

Accelerated weathering was conducted in two ways^ i.e., in an Atlas C165/DMC equipped with xenon arc lights 
and in a Q-Panel weatherometer equipped with UV-B bulbs. 

The Atlas C165/DMC lights were cycled (using cam #180) on (chamber temperature 89° C) and off (chamber 
temperature 38*C) at 0.55 Watts per square meter(W/m2) for the length of time indicated in the respective TABLES. 

The bulbs of the Q-Panel weatherometer were cycled on and off for altemating intervals of 4 hours on (temperature 
eO^C) and 4 hours off (temperature 40''C) in the presence of water for the duration of the accelerated weathering 
treatment Samples were rennoved from the weatherometer chamber at the exposure times indicated in TABLE 2, 3 
and 4 and then tested. 

Color measurements were made on an ACS Chromasensor colorimeter at C65 illuminant/2 degrees observer. The 
color shift between an non-aged sample and an aged sample is reported as a "delta E" value, as measured in CIE- 
LAB color space. 

izod impact testing was performed according to ASTM D256 at the temperature indicated. 

The instrumented dart impact was performed according to ASTM D2763 at the indicated temperature. Total energy 
to break and percent of the samples which broke in a ductile manner, as defined by no loose shards of sample after 
impact, are indicated. 

Alternatively, the ductility of the samples was evaluated at a series of temperatures. The temperature at which 
50% of the samples tested broke in a brittle fracture mode was determined and reported as ductile/brittle transition 
temperature (" D/B"). 

The following test results are set forth below in TABLE 2 for the compositions of Example 1 and Comparative 
Examples C2 and C3: 



so 



ss 



(a) Izod impact performance, expressed as foot pounds per inch (ft-lb/in), as measured prior to accelerated weath- 
ering ("Non-Aged"); 

(b) dart impact total energy, expressed in foot-pounds (ft-lb), as measured after accelerated weathering in the 
Weather-O-Meter ("UV-B Aged") for the length of time indicated, expressed in hours (hr); 

(c) dart impact failure mode, expressed as percentage of samples exhibiting ductile failure (% ductile), as measured 
after accelerated weathering in the Weather-O-Meter ("UV-B Aged") for the length of time indicated, expressed in 
hours (hr); and 

(d) color retention, expressed as a delta E value, as measured after accelerated weathering in the Weather-O- 
Meter ("UV-B Aged") and in the Atlas C165/DMC ("Xenon Arc Aged"), for the respective length of time indicated, 
expressed in hours (hr). 
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TABLE 2 





1 


CI 


C2 


Non-aqed 








Izod Impact 








-10*'C (ft-lb/in) 


7.4 


15.4 


3.2 


-sec (Tt-lD/in) 


2.4 


3.6 


1.8 


UV-B Aaed 


- 






delta b, 1 50 nr 


2.8 


7.46 


4.42 


Dart Impact. 150 hr, -aCC (ft-lb) 


46 


45 


48 


% ductile. 150 hr, -20°C 


100 


100 


100 


delta E, 500 hr 


7.6 


10.69 


9.83 


Dart Impact. 500 hr. -20*»C (ft-lb) 


37 


25 


31 


% ductile. 500 hr. -20*C 


66 


0 


0 


Xenon Arc Aaed 








delta E. 448 hr 


2.7 


4.77 


1.68 


delta E. 702 hr 


3.49 


5.84 1 


2.78 



The following test results are set forth below in TABLE 3 for the compositions of Examples 2 and 3 and Comparative 
Examples C3-C6: 

(a) Izod impact performance, expressed as fool pounds per inch (ft-lb/in), as measured prior to accelerated weath- 
ering ("Non-Aged'); 

(b) dart impact total energy, expressed in foot-pounds (ft-lb), as measured after accelerated weathering ("UV-B 
Aged") for the length of time indicated, expressed in hours (hr); 

(c) dart impact failure mode, expressed as percentage of ductile failure ("D/B (%)"), as measured both before 
("Non-Aged") and after accelerated weathering in the Weather-O-IVIeter ("UV-B Aged") for the length of time indi- 
cated, expressed in hours (hr); and 

(d) color retention, expressed as a delta E value, as measured after accelerated weathering in the Weather-O- 
Meter ("UV-B Aged") and in the Atlas C165/DMC ("Xenon Arc Aged") for the respective length of time indicated, 
expressed in hours (hr). 



TABLE 3 





2 


C3 


C4 


3 


C5 


C6 


Non-aqed 














Izod Impact 














-20*»C (ft-lb/in) 


8.9 


10.8 


3.4 


10.5 


8.5 


11.9 


-30«C (ft-lb/in) 


4.9 


10 


2.9 


9 


7.6 


5.9 


Dart Impact 














-40«C (ft-lb) 


50 


46 


51 


42 


47 


44 


-60X (ft-lb) 


43 


50 


48 


49 


50 


48 


D/B (°C) 


-60 


-70 


-55 


-55 


-55 


-55 


UV-B Aqed 














delta E. 144 hr 


12.8 


16 


11.5 


11 


19.6 


8.46 


delta E, 300 hr 


11.8 


15 


11.8 


12 


18.3 


9.64 


Dart Impact. D/B. 500 hr (*C) 


10 


-25 


10 


-40 


-40 


>45 


Xenon Arc Aqed 














delta E, 700 hr 


5.8 


6.7 


4.1 


7.9 


13 


6.8 


delta E. 2112 hr 


7.6 


12.2 


6.2 


9.8 


14.4 


9.0 
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The following test results are set forth in TABLE 4 for the compositions of Examples 4 and 5 and Comparative 
Examples C7-C10- 

(a) l/od impact performance, expressed as fool pounds per inch (ft-lb/in), as measured prior to accelerated weath- 
cnnp CNcn-Agcd"): 

(b) dar: impact total energy, expressed in foot-pounds (ft-lb), as measured prior to accelerated weathering ("Non- 
Aqcd") 

(c) d^ri inrpHCi failure mode, expressed as percentage of ductile failure 

(0 B as measured both before ("Non-Aged") and after accelerated weathering in the Weather-O-Meter 
("UV-B Acod*) lof nc length of time Indicated, expressed in hours (hr); and 

(d) color fciCfMon expressed as a delta E value, as measured after accelerated weathering in the Weather-O- 
MciQi ("UV B Aqod') and in the Atlas CISS/DMC ("Xenon Arc Aged'), for the respective length of time indicated, 
cxp- ci>*«->d r» rKxirs |hf) . 



TABLE 4 
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C7 


C8 


5 


C9 


CIO . 
















l/OO i-np-Kt 














rc*c in ft>n, 


1.88 


0.7 


1.3 


2 


1.8 


2.14 


oc'C in ton, 


0.85 


0.67 


1.15 


1.7 


1.6 


1.9 
















-4C*C (ft t)i 


42 


47 


42 


43 


45 


44 


6C*C <fl to) 


7 




5 








D'B ('Ci 


-55 


-45 


-50 


-20 


-20 


-20 


UV B A-)rXj 














dcll/1 C 1-14 hr 


2.7 


12.6 


6.48 


3.9 


6.9 


1.4 


delt/i E DOC til 


3.4 


12.6 


8.53 


3.5 


6.3 


2.4 


Danimp^a DB 500hr(*C) 


23 


23 


23 


10 


10 


10 


Xenon Arc Aqod 














delta E 70C hr 


4.0 


4.7 


5.3 


5.6 


9.9 


4.5 


delta E 2112 hr 


4.7 


4.9 


7.7 


7.6 


12.6 


9.3 



In addition tothr mprovemonis in color stability, the impact performance of the invention still displayed reasonable 
ductility after 500 hoiirs of UV-B exposure, while the control samples all became brittle. 

Claims 

1. A thermoplastic resm composition, comprising: 

(a) a thermoplastic rcsir sad resin comprising: 

(i) a polyester resm 

(ii) a polycarbonate resm. or 

(iii) a mixture of a polyester resin and a polycarbonate resin; 

(b) at least 1 weight percent, based on the total weight of the thermoplastic resin composition, of a polyolefin 
rubber graii copolymer comprising a polyolefin rubber substrate comprising an ethylene/propylene copolymer 
or an ethylene/propy lene/nonconjugated diene monomer terpolymer and a graft polymer grafted onto the poly- 
olefin rubber substrate, said graft polymer comprising repeating units derived from a monoethylenically un- 
saturated nrx>nomer. and 

(c) at least i weight percent based on the total weight of the IhernrxDplaslic resin composition, of a core-shell 
copolymer comprising a core portion having repeating units derived from a monoethylenically unsaturated 
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aery late monomer or from butadiene and having a glass transition temperature below about 10°C and a shell 
portion having repeating units derived from a monoethylenically unsaturated monomer and having a glass 
transition temperature of greater than or equal to 10**C. 

2. The composition of claim 1 . wherein the thermoplastic resin is a polyester resin selected from poly(butylene tereph- 
thalate). poly(ethylene terephthalate) and poly(cyclohexane dimethanol terephlhalate). 

3. The composition of claim 1 . wherein the thermoplastic resin is a bisphenol A polycarbonate resin. 

4. The composition of claim 1 . wherein the thermoplastic resin Is mixture of a bisphenol A polycarbonate resin and 
polyester resin selected from poly(butylene terephthalate). poly(ethylene terephthalate) and pbly(cyclohexane 
dimethanol terephthalate). 

5. The composition of claim 1 . wherein the thermoplastic resin is a mixture of from 20 to 85 weight percent polyester 
fcsn and from 15 to 80 weight percent polycarbonate resin. 

6. I he composition of daim 1 . wherein the composition comprises from 2 to 1 5 weight percent of the polyolefin graft 
copolymer. 

7. The composition of claim 1 , wherein the polyolefin graft copolymer is an acrylonilrile/ethy!ene-propylene-non con- 
jugntcd dtene nrronomer terpolymer/styrene graft copolymer. 

8. The connposition of claim 7, wherein the non -conjugated diene monomer terpolymer portion of the polyolefin graft 
copolymer is derived from ethylidene norbornene. 

9. The composition of claim 1. wherein the composition comprises from 2 to 15 weight percent of the core-shell 
copolymer 

10. The composition of claim 1 . wherein the core-shell copolymer has a core comprising repeating units derived from 
butyl acrylate or butadiene and a shell comprising repeating units derived from methyl methacrylate and styrene. 
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ty, particularly with regard to color stability and retention 
of impact properties during prolonged exposure to ultra- 
violet radiation. 
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